Introduction 48
Mass spectrometry has become a fundamental tool among proteomic techniques to 49 identify and precisely quantify proteins of complex biological samples such as meat and 50 meat products (Aebersold & Mann, 2003 ; Cravatt, Simon, & Yates III, 2007) . 51
Classical methodologies using one-dimensional (1D) or two-dimensional (2D) gel 52 electrophoresis with different detection methods such as dyes, fluorophores or 53 radioactivity have allowed the separation and quantitation of proteins through the 54 measurement of stained spot intensities, providing good sensibility and linearity. 55
However, the applicability of these methods is limited to abundant and soluble proteins 56 when the aim is to achieve high-resolution protein separation, as well as they do not 57 reveal the identity of the underlying proteins, and neither provide accurate results on 58 changes of protein expression levels, especially in the case of overlapping proteins 59 
Analysis of trypsin digested samples by nLC-MS/MS 149
The analysis by nanoliquid chromatography-tandem mass spectrometry (nLC-MS/MS) 150 was done using an Eksigent Nano-LC Ultra 1D Plus system (Eksigent of AB Sciex, CA, 151 USA) coupled to the quadrupole/time-of-flight (Q/ToF) TripleTOF® 5600+ system 152 (AB Sciex Instruments, MA, USA) with a nanoelectrospray ionisation source. 153
A total of 5 µL of each sample were injected through an autosampler, and 154 preconcentrated on an Eksigent C18 trap column (3, 350m x 0.5mm; Eksigent of AB 155
Sciex, CA, USA), at a flow rate of 3 µL/min for 5 min and using 0.1% v/v TFA as 156 mobile phase. Then, the trap column was automatically switched in-line onto a nano-157 HPLC capillary column (3µm, 75µm x 12.3 cm, C18; Nikkyo Technos Co, Ltd. Japan). 158
The mobile phases were solvent A, containing 0.1% v/v FA, and solvent B, containing 159 0.1% v/v FA in 100% ACN. Chromatographic conditions were a linear gradient from 160 5% to 35% of solvent B over 90 min, and 10 min from 35% to 65% of solvent B, at 30 161 ºC and a flow rate of 0.30 μL/min. The column outlet was directly coupled to a 162 nanoelectrospray ionisation system (nano-ESI). The Q/ToF was used in positive polarity 163 and information-dependent acquisition mode, in which a 0.25-s ToF MS scan in the 164 range from m/z 300 to 1250 was performed, followed by 0.05-s product ion scans from 165 m/z of 100 to 1500 on the 50 most intense 1 -5 charged ions. 166
Data analysis 167
Automated spectral processing, peak list generation, database search, normalisation and 168 quantitative comparisons were performed using Mascot Distiller v2.4.3.3 software 169 (Matrix Science, Inc., Boston, MA, USA; hppt://www.matrixscience.com). 170
The methodology used in this study for label-free quantitation is based on replicates of 171 the relative intensities of extracted ion chromatograms (XICs) for precursors aligned 172 using mass and elution time (Silva et The label-free quantitation methodology used in this study requires robust search 174 parameters because it is based on the identification at peptide level. The identification of 175 the protein origin of peptides was done using SwissProt database, and the taxonomy 176 parameter was designated as Mammalia. Moreover, the selected search parameters 177 include the use of trypsin as the enzyme, allowing up to two missed cleavage site, and 178 oxidation of methionine (M), carbamidomethyl (C), and deamidated (NQ) as variable 179 modifications. 180 Generated MS/MS spectra were searched using a significance threshold p<0.05, a FDR 181 of 0.5, and a tolerance on the mass measurement of 0.3 Da in MS mode and 0.3 Da for 182 MS/MS ions. Quantitation parameters were selected using the label-free option 183 provided in the Mascot search engine. Quality criteria to determine peptide ratios used 184 to quantify were established to effectively eliminate outlier points. In this sense, the 185 method of integration was optimised and a standard error of 0.2 and a correlation 186 coefficient of 0.95 with a fraction threshold value of 0.5, that is the fraction of the peak 187 area in the precursor region accounted for by the components. LACB protein was added 188
to the sample and a median of five peptides described in 
Normalisation of the data 196
The digested protein LACB was added to the samples, and five of the peptides 197 generated were used to normalise data (see Figure 2) 
Repeatability of the procedure 207
The repeatability of the digestion with trypsin enzyme and analysis by using nLC-208 MS/MS was evaluated in triplicate for each protein mixture. So, the ratios of LACB, 209 ACT, TPM, MYG, TNN, and ACTN, together with their standard deviations and 210 coefficients of variation were estimated, as can be observed in Table 2 . Very good 211 repeatability was obtained with percentages of coefficients of variation smaller than 212 11.5% for all proteins in all samples tested. The different measurements were done by 213 the same analyst, and the instrument worked with the same procedure and under the 214 same experimental conditions to test the repeatability of the methodology. 215
Recovery of the method 216
The percentage of recovery was evaluated in order to compare the agreement between 217 the values obtained by the method and the theoretical values of the protein mixtures. 218 Table 3 shows the theoretical and calculated ratios, accuracy of the method, standard 219 deviations and coefficients of variation obtained from the three replicates. The accuracyvalues obtained comprised between 97 and 120% for all the proteins in the four samples, 221 and the percentages of coefficients of variation were smaller than 11.5% in all instances. 222
The mean of the median pair of 11, 9, 9, 6, 3, and 3 peptides of ACT, LACB, TPM, 223 MYG, TNN, and ACTN proteins, respectively, have been used to calculate the ratio of 224 the respective proteins. Same peptides were used in repeatability and recovery studies. 225
Identification and quantitation of meat proteins 226
Sarcoplasmic and myofibrillar protein extracts from raw ham meat were separated by 227 SDS-PAGE electrophoresis at three different concentrations (N, N/2, and N/4). The 228 selected bands (see Figure 1 ) were subjected to in-gel trypsin digestion, followed by 229 nLC-MS/MS analysis in order to identify the proteins present and to assess the 230 differences in protein concentrations. 231
Regarding sarcoplasmic proteins, some proteins such as beta-hemoglobin, myoglobin, 232 and fatty acid-binding protein (accession numbers P02067, P02189, and O02772, 233 respectively, according to Uniprot protein database) were identified from the selected 234 bands in the SDS-PAGE gel after searching MS/MS spectra against the protein database. 235
On the other hand, the analysis of the selected bands of myofibrillar proteins by nLC-236 MS/MS allowed to identify several proteins such as -actin-1, actin cytoplasmic 1, -237 actin-like protein 2, desmin, and troponin T, with Uniprot protein database accession 238 numbers P68138, P60712, Q562R1, O62654, and P02641, respectively (see Table 4 ). 239
The recovery of protein in raw meat extracts was calculated by comparing the 240 theoretical ratio with the calculated value for each identified protein as it is also shown 241 in Table 4 . Thus, the accuracy percentage obtained was between 99 and 123% in 242 sarcoplasmic proteins, with coefficients of variation smaller than 10%. In myofibrillar 243
proteins the accuracy values were between 100 and 113%, with percentages of 244 coefficients of variation smaller than 9%. In this approach, four protein mixtures at different ratios were analysed by nLC-Q/ToF 296 mass spectrometry showing the linearity, repeatability and recovery of the sample 297 preparation and the nLC-MS/MS analysis. Regarding data processing, mass 298 spectrometry analysis was done by triplicate. First step was the acquisition of the data; a 299 list of survey scans for each TIC followed by groups of the MS/MS scans was created. 300
Then, peptide peaks were detected, distinguishing from neighboring peaks and 301 background noise by attempting to fit an ideal isotopic distribution to the experimental 302 data. Finally, peaks from the LC-MS runs were aligned matching the retention times 303 with the corresponding mass peaks to carry out (i) the identification of peptides and 304 origin proteins by using databases, and (ii) the quantitation of proteins by normalising 305 the mass spectral peak intensity preceding the statistical analysis. Normalisation with 306 the digested LACB protein was done to eliminate the possible variability in the 307 technical or analytical process, improving the quantitative profiling. A group of five 308 peptides was used for normalisation, which allows a more accurate matching and 309 quantitation than using only one peptide. 310
The applicability of this methodology was demonstrated using raw pork meat samples 311 for the comparative quantitation of proteins. Thus, sarcoplasmic and myofibrillar 312 proteins extracted from raw meat were separated using SDS-PAGE at three different 313 concentrations. The use of 1D gel electrophoresis, instead 2D gel, simplifies the 314 methodology for the subsequent analysis by mass spectrometry (Jafari, Primo, Smejkal, 315
Moskovets, Kuo, & Ivanov, 2012). In fact, sample preparation influence on quantitation, 316 as well as the variability introduced in the procedure due to uncontrolled changes during 317 SDS-PAGE separation or trypsin digestion were also studied by analysing the results 318 showed in Table 4 . 319
In this study, protein identification was done matching spectra to peptides by database 320 searching, and then protein quantitation was carried out according to the actual amount 321 of protein instead than other less sensitive methods that are based on an estimation of 322 the amount of protein calculated by using imaging densitometry. So, relative 323 quantitation was done using a different number of peptides depending on the protein 324 through the integration of their chromatographic peaks. Such procedure showed a high 325 repeatability, linearity, and accuracy. Thus, this simple and reliable label-free 326 quantitative methodology could be applied to study changes in protein abundance along 327 processes such as fermentation, curing, and ripening in meat products. 328 329
Conclusions 330
A label-free methodology based on the relative intensities of extracted ion 331 chromatograms (XICs) aligned using mass and elution time has been optimised and 332 applied for the relative quantitation of raw pork meat proteins. After SDS-PAGE 333 separation and in-gel digestion of proteins, nLC-MS/MS spectra were used in order to 334 identify and quantify proteins by using ion peak intensity, as peak areas of peptides can 335 be correlated to the concentration of the protein from which the peptide is derived. 336
Linearity, repeatability and accuracy of the procedure have been demonstrated, and the 337 methodology has resulted to be a simple and reliable method to quantify changes in 338 protein abundance of meat samples. Furthermore, this procedure could be very useful in 339 comparative proteomics in order to evaluate changes in proteins during post-mortem 340 meat period or along the processing of meat products. 341
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